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A considerable a:10unt of "''or·,< has been done at the Air Corps Jet 
Propulsion Research Project •ri th <". spont ,neously igni tin{>; propellmt con-
bi~~tion c~nsisting of red ~unine nitric acid .~d aniline. (Cf. Ref. 1, 
2,3 , 4.5, and 6) Simila r studies have been carried out b~r the Navy Bu.r-
eau of Aeronautics Project rurrd by the Aerojet Eneineering Cor)or~tion. 
In tlus report an effort has been nade to collect and disC"'.lss the results of 
these investigntions ~~a to describe the properties of a number of propel-
lant components. 
A desirable _1rooellant is C'ne "l:ich eives 'J. higl: jet velocity -md 
vrhose oo;:rl.)onents have favorable )roperties , for example, l.o\7 v:'.por pres-
sures and lo~ f reezing points. Other properties are discussed in the body 
of the report. The ori~inal propellant, consisting of red fUmi~~ nitric 
acid containing 16% of nitrogen dioxide (N0 2) and aniline, is n ot com-
pletely s ...... tisfactcry because of the high vapor :9ressure of the acid. -"..nd 
the high freezing 9oint of the aniline. For this 8nd ot'1er re;;-.sons sev-
era.l modifications of the propellant components heve been invest1c·"ted n.t 
the MJJF Project in an effort to obtain e. more desirable pro_Jell..,nt. These 
modified pro?ell"llt cc7!ponents nre described in this repo::-t nnd their per-
formance is comprotred Y:i th that of the ori ginal ~Jropellmt. 
The oxidizers th;:-ct have been studied are red fuming nitric acid oon-
tn.ining a_'Proximately 1{)% N02 , red. funin{~ ni trio acid containing 6}:~ N02 , 
white fuming ni trio acid containing less than 1% N02, nnd a "mixed" acid 
consisting of 88~ white :f'uming nitric acid and 12jb oleum. The fuels are 
aniline, fur:f'uryl aJ.cohol, and two mixtures of these--one oontr~ining 20% 
furf'uryl aJ.cohol, nnd the othar c ontaining 35% furfuryl alcohol. 
R-
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The tests were made with jet motors delivering a nomine~ thrust o~ 
1000 lbs. The injectors used were of the multiorifice tyPe. rhe duration 
of the individual runs was aJi,roximatel;r 20 seconds. 
The perlormance parroneters of the various propelln.nt coz:1binations 
tested are listed in Table I. The characteristic velocity , c•, is believed 
to be the most guitable criterion for conparing the performance of the v~~ 
iaus propellants, since it was fcrund th<t the thrust coefficient, OF, was, 
vnthin the limits of experimental error, the same for all the combinations 
tested. 
The best pr opell £•nt combination &ppee>..rs to be r ed fuming nitric acid 
cont "..ining ~-% N02 and aniline containing 35% fur:t'u.ryl alcohol. Al thou.gh 
this ~·~ticular combinati on was not tested, it is recommended because of 
the low vapor pressure of the aoidJ Rnd because it is spontaneous and its 
components remain fluid at' ambient temperatures a s low as - 22°F. Ta.blt'!l I 
shows that either of the red :f'uming ni trio acids can be used vrlth any of 
the fuels with no appreciable change in performance. 
The Navy Bureau o:t Aeronautics Project has prOiJOSed the propell91lt corr~-
binat i cn consisting of "mixed" acid .... nd crude monoethylaniline. The per-
formanca of this combination is not yet available so thnt a comparison 'l':ith 
the ~ropellants described in this re ort cannot be made. 
Some of the other liquid propellants under current investig ti0n are 
briefly described, attenti on being chiefly directed toward the develo~nent 
of a propellant with higher exhaust velocity. The propellants being stu-
died are gasoline--liquid oxygen nnd modified g~soline in combin~tion with 
"nixed" acid. 
Tests were made to datennine the effect of low ambient te~erature on 
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the spont~~oi t:r of lenition of a Im"'lber of ,pro~,ellmlt combi:nc.ti"n3. ':'heoo 
tLo s_)ontn.."'lertl.J i -:nl t i e'r ;ropert'T t::.ts unaffected. However, it ctmnot be 
concludad tll.-t the perfcrmnnce of a ,iet unit \vill bo in,le '9"1dent cf ch~'\D.F,e 
ro ollcnt cc-, 'Ononts , .for exc-. _,le, vi'scosity e~c. ?he n .. ce "3i t~r of ccn-
dclerablo ~nvesti·;· ti"n of the c~Jerc.tion of liquid. :·rc cll"'.Tlt ;ict units 
over the DJ1bicnt tcmrY~r~1.ture r:-:n:;e ~=:mcounterf'd under service c'"'n:iitions 
_-;:;~a ha.ve been made n.t. the l£~T? Project with j at no tors de3iQted 
to a.eliver a nor:1inal thrnnt r.:'.IlCinr.; fro~ ?00 lb to 6000 lb o.t ~h-mber 
pressures of D •• ~roxirx.tclzr )OC ~ si abs -nj o.t nixture r-tioJ of .fror:: 1 
to 5· s:r;_.'3 ~;otO ~' r1iffered C0nSidercbl:T in size; ho-m~Tcr, thr~'/ iTOl'8 cno-
uctrical~y ninil r ~nt1 ,.,~· !:! d rrru.lti-orifice t;.r:>e injectors . Tl1e r 'Sl'lts 
obt->..incd sl.c\7 thr.t y;ithin tlw limit :J of e.x:.._Jerin0nt~~ :-.ccuro.c-- thor: i:; no 
scc.le ef·~ect 0n th~ (!h"r".ct•"risti(! velocity c* and the thrust co-'3f"ic1ent 
bili t:-,' of ":. 3.~ tC' 5;; deer"· .10 in CF ha.s :r.o t ~.~at been eli;;J ~w.totl. 
for :is c'.ir:lcti-~n of tL, r ;::c rch procr···c:l , to "')·r . B. ::. s~~.:·o, Lr . ~. ','i. 
IIoU{")l .c:nrl. :.:r. J. l.l. Gretm for th, ir cco 1 ere.tir:n in su. lyiw~ in:'orr:ntirn 
USe "f lis un c:.clisl~ed d:>.ta on jet r•ot;or JOrfcr:r:anc.e, tc j:· . ~ . 5. r.'s ien 
::?.. C. ·rer"Leck . .nc iln. Ste;henson in c..,.r~~inc cnt the ex Jeri'10n tP..l :-:crl:: t:as 
i nV~!lua.ble. 
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II. GENERAL DISCUSSlO!T OF LI-;JJID PR0PE1LA.liTS FO:'i FUP..E JET 
OR ROQKET PROPULSION 
Paee 4 
.A. pure jet or rocket propulsion unit is a t;!IJe of thrust-produce~ 
apparatus whose thrust results from the reaction or recoil of a hieh velo-
city gas jet. This,tyye of jot unit is distineuished by the foct that it 
does not utilize atnospheric air, and can o~er~te in a vacuuc. The jet 
gas is generated by the combustion of a propell?~t in a jet motor. SinJe 
atmospheric clr is not used, the propellant must contt'!.in, in a r' 'H tion to 
the fuel, an oxidizing ~ent, eenerally in the form of a seccnd co ~oner.t . 
If the :pr011ellnnt cor.:>ists of <'- oin{~le co:1ponent, this r.mst contain avail-
able oxygen in its chemical structure. The propell~~t m~ consist of more 
than two components, e . g., an inert component ropy be utilized for reducing 
combustion temperature. 
The propellant can consist of gaseous, lic~id or solid cor.~onAnts or 
sone combination of the three forms of l!lt'tter. This report cont·ins the 
results of invcstie~tions on propellants hnving tTIO co:~onents both of 
which are in liquid form. 
The designer of liquid propell~nt jet units requires a ere~t amount 
of inform··tion on e oh component of a propellnnt in ~dditi on to the jet 
motor perfonnance para.!!leters of the prop9llant. The follo..-ring inform"tion 
is needed: 
1 . Physical properties of e:1ch propcllnnt CCl'nponent: 
a. Freezinc point 
b. Vapor pressure as a functicn of temperature. 
c. Specific er~vity as a function of temperature . 
d. Specific heat as a function of temperature. 
e . Viscosity as a function of temperature. 
GALCIT Project No. 1 
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f. Heat of vaporization. 
g . Heat conductivity ao a fUnction of temperature. 
2. Che~ical properties. 
a. Heat of formation 
b. Effect on materials of construction 
c. Effect of diluents nnd i mpurities 
d. Stab1li t y 
e . Effect of ambient temperature on ignition. 
3· Physiological pro;;erties of e'1.ch propellant conponcnt. 
a . Ef:ect of inhaled vapors ; recommended prec autions and 
tren.tment . 
b. Effect of skin contact; roooi!1.'ilonded precaut ions and 
treatment. 
4. Other information on eaoh propellt>nt corJponent. 
a . Availability ru1d uniformity of composition. 
b. Handling methods 
o. Cost 
To supply all the inform" tion desired on e ~ch ._1ropell.r.nt component 
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represents e. vast amount of r·ork, especic.lly because the propellnnt com-
ponents utilized in jet propulsion equipment often hcve not md wide in-
d:u.strial a._nplic;!tion. This report oont r'ins so:ne of t!le d .. ta requ~red on a 
number of propellnnt combi nat ion! . 
In general the couponents of c .. li rpid propellant should s..,tis:f'y the 
following requirements : 
l. High heat of combu.st1cn per ,L)ound of prOpellant to nwke possibl e 
a high exh(Ulst velocity <~d therefore lo•..,.. specific nropell;-:.nt 
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consu~tion. For a civen heat of combustion the e~~~ust velocity 
v:rill be higher or the c ombustion te:.1pernture lovrer if the pr<>-
pellant is such that the molecul<r vrei,<;ht of the products of com-
busticn is as low ~s ~os~ible . 
2. Lorr freezing ~oint - to ~llovr &')lic·tion over a ~ide ambient 
temperature r~nge . 
3· Lov; vn._.1or )Tesuure - to f .?.cili t r-t e _mr:J,) operations, D.nd to mini-
" 4. Low toxici t~.t ,...,nd corrosivenes3 - to reduce hazards to personnel 
and to si::1plify requi!· ment..; on m,terials of constructirn. 
5· Larce availability of raw m~tteri<J. s ~nd ease of manufacture - to 
reduce cost nnd to sbnplify logistic problems. 
The Air Cor:-1s Jet JTo:::mlsion Research Pro.ject hns cnrried. out exten-
sivo rese~rch with a :•ro~'ellrnt c0nsisting of red fuminc nitric ~cid as 
the oxidizer n.nd ~~iline ~s the fuel. (Cf. Refs. 1, <, 3, 4 nnd 5) . ~l~S 
propellr>.nt however has a number of lir:Ji t :' ticns , and ef!"ort s have been ruroe 
to il'lp rove the pro=-'erties of e-ch COr:I')Onent vri thout cre:-t:i.ng ne'7 c11 sadva. -
tnges. 
The modific~ tL·ns in the oxidizer have been cimed 12-rgely at redu.c-
ing its v~ ror pressure. This is brcru{")1t about by the use e>f ::-_:fUming ni-
tric ccid with :: Sl!lJ>.ller NC'2 content. The ori.c;inel oxidizer C'.mt<.inad 
about 16% of 1:T02; the nodified oxidizers are (1) red :f'uming nitrlo acid 
with 6. 5% of U02 Md (2) white f'umint; nitric C).Oid with less than 1% of 
N02. Changag in the fuel h11.ve been m ' de in an e.tte'Jp t to viden the tem-
peratur~ range of applicability by deve1apine a fuel YJi th low freezing 
point . The ori~inal fuel was aniline; the other fuels studied nre (l) 
aniline containing ?O% of fUrfuryl alcohol, t 2) aniline contninine 35% 
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of f'u.rfuryl alcohol . .s.nd (3) furfuryl alcohol. 
Pe.ge 7 
A further depn.rtur a from these co:nbinatic:ns has been l1rO!JCSO(l by 
the !:avy Bureau of Aeron<m.tics Project. The pro1_.e~lr>nt .'.)r0110Secl con::;ists 
of a nmixed" acid, made up of ni trio and sulfuric e>.cids, :--s the oxidizer, 
and crude monoetbyl:-niline as the fuel. The 11rJixed" c..ci..:: ccutains 5•;:_;% ot 
white fuming nitric o.cicl {95~ or more HU03) and 12% of oleu:r. ('71th 20~ 503). 
This oxidizer is :;.nteresting because of its low v.? . .!Jor 1ressu:e, it3 low 
rc-te of corrosion of mild steel. nnd its :"~rob- ble lo\"1 ~ensi ti vi ty to ;rater 
content. 
The use of liquid nitrogen tetroxide, N204. <'..S P.ll oxid.i zer has been 
considered, end some experiuental v()r1c \Vi th tlli s ma.tijrial has been done 
a t G.A.LCIT Project Ho. l. However, nitrogen tetroxide h ,;.s cert·-in physi-
cal .Jropert ies which r.nke it an und.esirable c rope1 l c.nt cc JOnent . Its 
boili.ng point is about 700F. I and hence its v.::cpor !JressL<.re nt a"'1bient tam-
peratures is much too high for convenient oper:tion. Furthermore, this 
r:u~.terial h;·s n rel atively high freeziilt_'"!:- 10int. 15°F. • <md hence it can be 
used only over a very limited te·~erature range. 
For higher exh8llst velocities I fuels ~'Ti th higher he- ts of ormlru.s-
ti 0n must be used. Gasoline is such a fuel. r~d it is bein; studied ~t 
GALCIT Project No. 1 in conjunctirn with li~~it o~~on. 
The use of e<'SOL.ne, •;;ith red. :f'uming nitric E:.Ci<.l c>s the oxidi zer, 
h?.S been studied c:.t sooe length at G~CIT Project "'ro . 1 (Of. Rof.:. 7, B, 9, 
and 10). This v.'Ork '-':'s suspended ri1en serims diffic-...:.lties •·:ere en-
countered r.ith it;rli tirm ·nd steo.dy CC'!"llJUsti,.,n. Efforts ?..re nov: being 
m·tde either to mclce trd. s propellP.nt com bin~ tion spont~e:m.sly igni kble or 
to reduce its reacti·n time so that n.uxili ~ ry ienition is relinble. This 
is being done by the add.i tion of v riau.s mn.terials to the ga.sol ns. !!ixed 
xylidines (suggested by Dr . Th'ling, of the Aerojet Engineerint: Corporation), 
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r:1i:-t:ed to lui dines, r.,nd raonoethylnniline are ruJl~"'nt; the r.:: t'3rials undar invest i -
t;r~ticn. As 2. )Grt of t: is ::roe;r~n, plans ~,.re being r.P•d.e t0 test tl.eso gaso-
line ::Jixtures with the "mixed" acid. 
The merit of a jet r;:otor is judged by the effective exh.-'1.ust veloci ty 
attained b;r t!~e _)rod:ucts of combustion. Th'3 tbru;;;t i.s given b7 the equ.::.ti0n: 
F= w c 
. !J 
so that the effective exh~ust ve~ocity is 
The expression :;.~or effective exhaust velocity can be rewritt.13n ~s: 
c=:4- = (,.Cc~y) /r -) =c*C: 
w- (- W / (Pelf ;: 
In this equ.a.ticn the ch .. ,..racteristic velocity, c , ?.nd the thrust coe.f-
.ficient, OF, are defined. TL.ese parameters of jet motor :)arformance involve 
only the primary SXJ.)eri!!!ental l!lSn.surAIDent s of thrust, ch[:!.mber pressure, ex-
h:-;ust !11) z :de throat arec- , ::.ncl r2.te of pro:.,ell··:n t c,_ n sura:t; tion. 
The theor;r of jet notor ~Jel·formanoe y-ields cor~ us~1on<lint, ezrressirns 
fo~· c* (llld OF• It is assumed thnt the cases in t!1e cor-Jbustit1n chan:ber follow 
the perfect i~o..s J.<tvrs and undergo ['..n isentropic .:;:-:p~sion. 
c·~ Pc~:;,w~ VYfM?C-
ilhera : 
ft = Ebclunlst noz?.le throat area. 
g • Acceler~ticn due to gravity. 
M : Avere.ge molecul,-..:r weight of the J'!'Oduots of c~t:Jbustion. 
Pa • Chamber pressure (absolute) . 
• 
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Po : E.."lt:terne.l .:.Jres::;u.re (e.boolute) . 
R = Universal g~s constAnt [1544 (ft lb)/ (lb mole) (°F) ] 
rr ::: :::l.::tte cf .!)ropellc..nt consump t ion. 
~ ::: g; rc.tio of S:JSCific heats of the products of cr-::1bustion. 
TLe e~:pres.3ion ::'or OF is for ~!n exhaust nozzle exp[lnded to the OI)timum 
area rati :."1 0 '::'he effect of o. ..:;::.a.nge in c-~rea r2 tio cn:..1 al3 , tJe calcul ~,t e:'l 
(Of Ref 11 ). 
The desis·n of a liqu.Lt._.c.·o_)e::.::-.nt jet notor d~ _,_nds on a v:n.o·,'"'ledge 
of the interrel. ticn of the parr:.r:Jeters e, c*, and OF• These three para-
!'leters deymd. in turn on :ru.ch v -·ri&.bles ns th~· bur~.i~ vol~.;:~J'.'l in t!·~e C•xn-
busti ··n chamber, the cli.amber pressure, the compositi0n P..nd the mixture 
rr::.tio of th-=-, _;ropellan t CO'I!j!DnEmts, the effectiveness of the :.~iring of 
the pro~eEmt co.•ponents brou.cht about by the injection _o:1rocess, and the 
c"nto1:..r of the exhonst nozzle pasSL'IgO. 
Theoretically, CF depends only on the _Jres:::u.1·e r·.tio, the 2.rec>. rPtio, 
<-'.nd the ratio of specific heats of the exhro.1st t;<>.se s for exhaust nozzles of 
rec~son.ably s.rnooth contour . The agreement of e:A.;:>el·imentcl results with 
theoretical vo.lues is very close, as will be s:~own in the discussion of the 
test d.; .ta. 
The experimental determin<'iion of the ch.:!racteristic velocity, o•, of 
a. :)ropell::n t is affected by ...,_ vc!.I'iet~r of f. ' ctors. l'he volume of the can-
busti:-n chBmber must be adequ.ate to insure corrrplete burning of the propel-
1:-nt , :md the r.:->tio of the chf".mber volume to the exhaust no::>:zle throat n.rea, L"', 
is used. to define tl1is vohune . The ~e, metry of the cor.Jb-u.sticn chf:Jnber is :f."llr-
ther tlefined b~r the f n.ct. th··.t :. t is desir·,ble to hs-xe its dipneter several 
tines larger t:Hm the e:x:ha:ust nozzle throat dironeter 1n order to red:u -~e the 
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gas velocity <md the consequent r r te of he['t tl·<'.l!Sfer to the ccrnbustion 
ch3r:1ber 1?alle. It is lso necesuary to allow a ce::-t· lr1 x5.Sl. dist nee 
bet;-:-een the injector anC. the exh.:-:.ust ncz:-:le, thout;h th:!.s de~:<mcl!::! on the 
tv-pe of in.]ectic-n used. 
The t er:pe r.:>..tur e <llld eqt:J.ilibrium coraposi tirn of t:te 1;rod.ucts of the 
prope llant cembustion .:>..re affected by the comb1.:!>til'n })!'essure end by the 
prc,pelle .. n:t CO:TJponents <ncl their ~.ixture r. tic. Pro•Jel:!.Pnts h:•.v ing 1 ieh 
he.:: .. ts of combustion end yielding pre-ducts of combustion h::tving low mole-
cul '"-I' wei.:;h ~s £!.!'8 r;.o st f:?.vorable frr r-·~ tilliUIU jet r:JC' tor 1-erf~\I':Mul.Ce. Such 
?. cor.1bin<•ticn gives the 1 . .:.-r:hest exhr~ust velocity for r-. <·iven he t of com-
bu~tinn or for e. ··i ven ccnbusti n ter..per.,ture . 
Tl.is generrl cor<Ch1.si:.•n follows from a considerati"n of the G'~cmtion£ 
obt, ined b:; corsicering tl1e behwior of :,:-erfect r;r.ses (Cf . -qcf . 11). 
(6) 
where 
(7) 
I n these equations He is the absolute enth-".l!•Y 1.er 1.-:.:.1it ,·:eight of 
t!.1e :!''rocucts of con.bustion in the chanber . ..nd T0 is their absolute tem:pera-
ture . In orr1inr>.ry :-'ractice the l.eat of C"'!:'lUCstirn of tl e . r· -.e1 la.nt, Hp, 
i s often usee a.s a.n :r,_pro:,ir.--: ti r n for H0 • The te.:. ·f-~} · equation 
( 6) is the iC.e~l thermodyn,-mic efficiency of the i ~""trc:-ic 1.rocess by 
--' ich tl e hc...,_t energy of the g:;;s i n the ccm1n,stir:n .-.h::n:ber is tr 'ffisfcmed 
t o kinetic ener g-r v:hile eX}_,anding thrOU£h the e:x:h:-~;~st r,o~· zJ e t o the exit 
preesure 1 Pe = Po I and a ssu.-nes a cor.:e~tl:r formed nozzle . 
The .::tver:.:.ze molecru.l.:-r ~·;eight of the ~)rc:7ll.cts of ~or:.lJU.sti'n is u.:ru.-
ally rel ,_ted to the f,"' s constant, <}- in such n m2.nner t hat the prod,rA: 
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(-::} ~ varies inversely vri th 1: . A. low v-:lue of !1 tends to lncrep_se (/'" 
and increase the themodynamic efficienc:-t of the JTocess in ec:uation (6) . 
Frol'i1 expression (7). it is apparent tru t fer !'. giv·~n n.b~~olute enthE>l.;y, or 
heat of c~mbusticn, the ter:1!:>"Jr"..ture will decrec.se ·.-.. ith a decreDse in J.!. or , 
conversely, n. };)ropellrnt \-:ith a l•ieher he<lt of ccnbustion ce.n be used rl thout 
exceedinG a given chamber t~~perature if the averN~e moleculnr ~eight of 
the products of combustion is low. 
The method of pro:pe lant inj ecti n r.ILS an im~ortnnt effect on the con-
bustion process Md 0n the Cl::Jtirourn Col:lbu;;tion chmnber r,eo~etry. The direc-
tion <md velocity of the 3:JTO~>ellant streams should be su.c1: thrt f'>OOd mixinr; an:l 
dispersi-n :-> re produced rnd no lro-e;e dro!Jlets hit the combUstion chamber 'I'T<'~ls. 
The mini r.lUIIl co1.1bustion volume required "':nd the minirilU.':'i leneth of the combua-
tion cha"!'lber n.re t'ffected b~v- these fnctors. 
It has been shr'.'T.!l ex::_,eri:nentally thett t1,e c:,,·.r'lct-:ristic V~'locit~r of a 
Tlropell.-:.nt is not affecteC. by tho exp1'l.Ils1on of the er.lw:ust nozzle (Cf. Ref. 4). 
This means th:t, for the exh,:\ust nozzles tested, the p roce s s of combustion 
or heat liberation is not influenced by the expansion in the nozzle . In 
other words, the expansion of the gases in the no- zle p·)proa.c:1as the theore-
tical adiabn.tic process very closely. Eo""'ever it is possible t!: t by using 
very long nozzles the time interval during '\'J:,ich the ex:m.nsion b carried 
out c:m be gre •. tly lenethened. Then the Gr'ses in the exh,ust nr-:..v be able to 
reach neTT chemical equilibriu.":ls corr8spon0.iP.g to the _)reveiling te;:-.per~tures 
e.nd ·ressures in the no:-zle. Such ::. sLii't in equilibrium is usually accoi':l-
) anied by het>t liberaticn, ~m. therefore the expansion in the nozzle can be 
. 
other than a.diabr.ti c. In such cases, the variation in ex. Rnsion 1 recess 
in the no:-zle YQll chance the characteristic v elocity ~nd the thru~t coef-
ficient, nnd the complete separ:tion of the ccr::~bustiC'n process :-:nd the ex-
pnnsion process is no lOJ1ber IJOssible. 
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The fortunate c!1oice of short no?.zles enables the 9~~)letely se,IJar-
~.te determin::Jtirn of c• :'..lld CF from the exoerimental dr.ta and 'llr>.kes it pos-
sible to brec>J>;: doYm the jet motor perform?.nce into tl'ro distinct !k'"l.rts, :!)ro-
pellant effectiveness and exhaust nozzle characteristics. 
The .Jerfor.n."'nce of v~r:i.ous :.ropell<Ults is tlru.s ;-est easily judged by 
co~1n:>rin~ the v .:--lu8s of c• obt~ ned over a. co· :r.~on r:m -e of ccrbustion chP..m-
ber r ressu.rc, assu;.1ing thrct t:be in.jector r1ixinG is sntisf...,ctory :'nd the com-
bustion volu.r:w i!> aderru.ate . 
IV. DESCRIPI'ION OF EXPE.RD!ENTAL WOF.X 
A. Test Enuipnent 
l. Test Pit 
The tests v;-ere performed in Pit E on the Pro.ject ?:Jre::Jises. 
T:'1 is :1i t has a concrete walled test floor nnd pn observ.::tion 
nnd ccntrol room \vitr.. -·indov.-s throUGh ·. hich the jet ootor can 
be ob '-'erved . The pit is described in det~:dl in P.ef . 4. 
2. Test E~~ipment Circuit 
The basic circuit diaeram of the test equipf"'ent is sl:own 
in Fie. l. This shows the rot ~ ting tltrust- Jo.c·- piston and 
the .... :~tter oooline svatem usecl wi tll the alunirri.Wl ct'cled motor. 
':'hese two features v:ere not available during ·; .. :'.J:l.~r of the tests. 
The -:otors r>nd injeotor c; rre described else,7l-:ere in this 
re:::;ort. Inforr.1:,tion on the ether iter.:s sho-..-n on the ~ircu.it 
ditoter"m, such as the feed pressure regu.l .,tor Fllld the control 
valves, can be obtained from the v~rious drawings ~ontionad 
on Fig. 1. 
The ~ropelL,.nt t 't"Tere forced into the cor.'bustion chamber 
CONFI DENTI:AJ. 
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from the propellent tanks by nitrogen ')ressura. 
3· Test l~otors 
Pace 13 
Three jet motor assemblie s were used during the series 
of tests. The first motor, shown on Fig. 2, w~s similar to 
that used in the test~ of Ref 4, except for a slightly thicker 
combustion chamber wall ~d a l onger chamber which Drovided 
nore burnine volume. The inj act or and the e:x:h<mst noz z1e 
were held in pJ.e..ce by threaded collars. Tbis motor could 
not be o )e rated for more than 20 seconds Pt '1 time ;-1. th the 
hotter propellant conbinntions without overhe~ting t he ex-
h[!ll.st nozzle . Even with these short runs the exhc.-ru.st noz-
zles r:radual~~ deformed by plastic flow and h2.d to be re-
placed. 
The second motor , shown in Figs 3 and 4 was assembled in 
a different manner. The external callers ~ t e~ch end of the 
ch£unber ware abandoned !'lld the ~njector ~nd the exhaust noz-
zle were tl~eaded directly into the chamber. A reinforcing 
rine d each end of the chamber 'L:ept the thre~,ded. ::,>crt ions 
from warpin,e. All interior surfaces of this ::1otor were 
chrome plated. The motor was mounted from the flanr;P- n.t 
the in..iector end of the cbamber. This motor gave gr, d ser-
vice, but it too was sub ject to overhe~tinc and could be 
used only for short dur~ tion runs. 
The t hird :.1o tor was adapted from a design original~y de-
velo_:Jed for regenerative c~oling (Cf Ref 5) . The threaded 
inject or nnd exhaust no z zla feature was retc>.ined beco:U$G of 
its si~plicity ~nd effectiveness . The assenbly of t his mo-
tor is sLo"m on Figs 5 and 6. Water was supnlied to the 
CCli}LlDENTU.L 
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corlinL:· :)aOS<'lCe through the cr ... -:nber at tl1e r.2te o f ~iJ!?roxi-
Iii te1y 1 . (1 .)ound.s er second. 
'I'he aluminum cooled ~..,';o~ -:~erpi t ted. n:.ns of 3r· seconds or 
nore :'!nrati::n tc be made ncccr ding t o the )rcpell::nt tank 
cn.:mcity . ..,r.d tlru.s en:>blec the averr~--c r. te of pr ol'lell.?..nt 
C"ns-.m:• tion to U'"' G..ateMir:ad d t:: s.:-tisf. ct or;r accu.r:~.cy. 
The injectors 'lSed in the n;otors <'.re s~%v.n on Fit:s 7 and 
s. 
The ex!l:>:.:.~t aozzles u.z~d U '3 sl "Tin on Fi ~ ~ 9, 10 :1!'d 11. 
or. the inside S'c..rf-.ce . 
It sl:auld be r:Jenti~ned here thr.t r.J.l m"' to r:.:: used deve1o~!ed 
f' uJ ts i n th" t ests, <'nc1 none of them e -m be reccm.aended a s 
c_'lroc'u.cti n d~:;i;~ns. The det ..... ils of ~otor iesign md construe-
tion e.ro not ~cnsidered ess<mt:.:u to tbe subject of this r"lport. 
Lt. St i ff of the Na~; ~·reau of Aaron~utics Project has 
kintti ·,r ;.'l.cle a7 i 1 :1.blr1 the draw:.n";S s:homt in Flgs 12 and 13. 
The oricinr~l :tesi?'J. of tLis t~r,:>o of : Jtor ·.~C!.s Cf:.rried out ~,. 
Lt. TruQ.."C of the O''.":le Project . The cha."lbE'-r, exbe.ust nozzle 
,'.Jld in,iector cf t:.:s ·,,tor, C:.esigned tc d.e liver 1510 lb thrust 
11t ..,_ chr1.r:1ber ~•Hb~ .... e 0f 300 J~Si , differ radically in geometry 
fro·n the t·r. e:; tc;: tee;. t tl e A:J.JP Pra,Ject. T:"le ,Jerfor:"mnce cf 
t. ia ··otor .,, 11 :.e cUscussed in P<rt VII, Sedicn C. A typi-
c:-:.1 char::ber •r'3o:::mre cu.:c-vo is s' ::wn in Fi:; 11t. 
l. I'hr1.1.st ~.!e emu'S 1ent 
·UJ.d t~:e ::loti ;n of tbe notor il<·.s restr.:>.incd b;r <c piston t:~-"!)9 
QOliDDE::T IAL 
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h:rdrnulic thrust jack. The piston had an area cf l squ~re inch, 
oo t:._•t the t! rc r t ir.. pounds was equal to the pressure in psi 
of t!1e fluid in tlte chp.r.ber of the thrust jac: •• 
The hydrP.ul.!.c linr;s ;·ore crcrefully bled., so th; t there was 
li ":.~le pl~~.r in the s~;stem . Thi::: :~liniuized the forces intro-
c'.uoed by the deflecticn of the ro~Jellant lines. 
The thrust v;as r.Jensurod '1'7ith a Bourdon tu..b e rressu.re g::ge 
renCin,,. frc:n ' to 2,'00 psi. The accuracy in readinr, this 
geee fro:n ti:e filo v:as about ! 5 psi, or ~ .proxiule.taly ± i~ 
of the no1..,::, 1 ":.1 .ru.st of lCCG ·our2s . Tha overnll .'J.Ccuracy of 
the thrust :oer suri:~ !J.irsta:n v:-rs <Qr oxi :lately ± 1% v.hen the 
p.:.ston of t l:.c thrust j.--.cl: was rotated and the propellant 
ve.l.vus \:ere ela.stical:J· ncunted. 
Previous >;L ru1. 5.56 the _.istcn was not rotated. :>.nd £ric-
t:on of' tl.tt:l .:.stor. in ~l.e c;,·linder accounted fer errors of up 
to -5~· :t'revious tc l~u.J, f.,..l~ the lines fror:~ t: e 'rc;e'loot 
v r-: ves to th~ ur tor \/ere restr:tined in m;.ch a manner th"1t er-
rorc in ti.irust o ... - 3; were sc'leti: .. es !->resent . Fit;s 4, 6 and 
15 ~•l·cw the tr..rust j .c' 'lnd tile motor rnu gem·s t sed to ro-
2. Che..,--:lber Pressure 
The CtfliJJ..'1tlr-n cila.""ber :lressure was n9c.sured v:ith a Bourdon 
c:1uld be re~.d to t•i t: in ± 3 _1si, or <'\ roxiL'lB.tel~.r ± 1~ of the 
3· E:::haust Ko:-:zle: Throat Area 
Y.1e ul..U'letb'.l.' of the throat of thr:> ex.hrtust no z~le .7as :ne?~ 
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r.dcrone ter calipers. The average of th13se tr:o readinr;s wn.s 
used in computine the throat area. 
The dirunetar of tha throat il"lmediately after n run. nhen 
the nozzle wns still hot, 'WaS u p to ~-% gre'1ter than the dia-
neter rneasure1 before the run, When the nozzle was cold. The 
uncert['.inty as to the actual diA.l1loter during the run and the 
c1.ifficul ty of trudne me".suramants of the throat mnke an ao-
cur~cy in throat aren- of not more than ± ;:r;; probe.ble. 
me3.suring tho ch=:.nee in level in the c-.rli ndrica.l pronell ':ul t 
Sl:tppl'r ton'k:s. The level vrr.s indicated on a si~t glass w{1ich 
was s.'-lut off fro:.1 the tan.:-: vlhile pressure r.:1.s ~· lied. 'I'he spec-
ific {';r3.vity of ench l)rO~;ellP..nt co tJonent was :r'"f!.SUred before 
each run. F!'OM this d:1.ta, combined \~it:. the ~alibr~ttion f10-
tors of the t·-' 1:s, the tot-<1 •;o;ei.ght of the 'ir-:> lellnnt used 
CIYJ.l'l be • 1 eterr~incd to ~·.n o!:'.ccuracy of n. rroxil!L'.tely ± <¢. 
The durc..ti n of the runs TTa.s d.e tennined fro:-:1 ".fl electric 
clock '."lith c~ Sf/Oe > second hr~.nd which wa.s Jhoto:era hed with the 
pressure G<>.e~~.,. The method of det.,r·-iniP.g the effective time 
of th~ nut 1~ descr1bed in Fart IV, Secti~n C. The ac~~raey 
of this detsr-:lin tion v:-.ried fro,1 '1., ' roxbntel:v ±1. 2t<f,.-:l to ± g~ 
- • 1 I 
o.ccord.:n · to the length of the run. 
C. Reduction of Test Data 
The ste_:;s in the reducti,..,n of the test d.o.ta \'19ra as follows: 
'\ 
1. The film was read to hive uncorrected values of Chamber pres-
sure, Pc• thrust jack pressure gal.l.P,e rending, P:f'o md tine, t . 
(}A.I.CIT Project lio. l 
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.:-l.e':;"'.._ l,...t"'d feed pressure , Pr• was n.lso reeor led.. 
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mea~~r~d e~1a~st no z zle throat diameter were recorded on 
tha run ~bta s!1eet. .Uso reoarded on this sheet VISre r~ 
gq\1 :e readin.:~s and otcer niscellaneous data nertinent to 
the run, such as the a:"J.:)earanoe of t.he ,jet and notes on the 
c r~ti n of the equipnent. 
3· The total .. ' rOIJell3Ilt consuartion was CDT!lputed fro:n the 
tank measurenonts, the tank calibr ticn f' . .ctor", ;J\d. the 
s r>ecific <,:::-avity of the • ropellar.ts. The exhaust. noz:--le 
throat aren was computed from the avera.;;e of the me.,_surod 
diruneters . 
4. The uncorrected values of p0 and Pf were plo t ted against 
time (Cf Fi~ 16). 
5· From the plott-3d curves , the time interval during whi<h 
a.._Jproximatel~v constMt conditi~ns prevailed W;;!.S J.etermined 
o.nd c.n :u-i thnetic.-!1 aver[l£;e of the values of p 0 n.nd Pt over 
6. The effective dl.l.r3tion of the run was determined by-
dividinG tha t.otal area under the Pc curve by the average 
ste·"dy st::.te value of Po obt•ined in stop 5· A planimeter 
was used t0 obt,,in the areA. under the Po curve. T!1.e curvo 
of Pc was used for tb.is , urpose bec.:~:J.so there was less lag 
in these : res sure indic~•t i ns Gnd bec:=>.uso the rea dint;s were 
usunlly more steady. 
a.<;e values of Pc [lild Pf• .An nverago atuosphdrio prsssuro of 
14.0 ~J si was used to obtain the .:ilisoluta ch.?.Jnber !)ressure . 
The . corrected. value of Pf was multiplied b-.r the thrust jnok 
!: .. ~-








































































































